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1 .  I n t r o d u c t i o n  
O v e r  t h e  p a s t  t w o  d e c a d e s  a  n u m b e r  o f  i n v e s t i g a t o r s  h a v e  a d d r e s s e d  t h e  
q u e s t i o n  o f  w h e t h e r  c h i l d h o o d  m a l n u t r i t i o n  c a u s e s  r e t a r d a t i o n  i n  m e n t a l  d e -
v e l o p m e n t .  T o  d a t e ,  a n  u n e q u i v o c a l  a n s w e r  h a s  n o t  b e e n  f o r t h c o m i n g .  T h i s  i s  
u n d e r s t a n d a b l e  b e c a u s e  o f  t h e  m a n y  p r o b l e m s  i n v o l v e d  i n  d e s i g n i n g  a n  a p p r o -
p r i a t e  s t u d y  t o  d e m o n s t r a t e  c a u s a l i t y .  
A m o n g  t h e s e  p r o b l e m s  i s  t h e  f a c t  t h a t  t h e  d e f i n i t i o n  a n d  m e a s u r e m e n t  o f  
n u t r i t i o n a l  s t a t u s  a r e  s t i l l  d e b a t e d .  F u r t h e r m o r e ,  t h e  u s u a l  r e s e a r c h  s t r a t e g i e s  
a r e  d i f f i c u l t  t o  a p p l y  t o  t h e  s t u d y  o f  t h e  e f f e c t s  o f  m a l n u t r i t i o n ,  s i n c e  o n e  c a n  
n e i t h e r  c a u s e  m a l n u t r i t i o n  i n  o r d e r  t o  o b s e r v e  i t s  e f f e c t s ,  n o r  e r a s e  t h e  p o v e r t y ,  
i l l n e s s ,  a n d  s o c i a l  d e p r i v a t i o n  w h i c h  c o e x i s t  w i t h  m a l n u t r i t i o n  a n d  c o n s t i t u t e  
p l a u s i b l e  a l t e r n a t i v e  e x p l a n a t i o n s  o f  d e f i c i e n t  m e n t a l  d e v e l o p m e n t .  
M a l n u t r i t i o n  i s  n o t  a n  e a s y  c o n c e p t  t o  o p e r a t i o n a l i z e  b e c a u s e ,  w h i l e  i t  
r e f e r s  i n  p a r t  t o  i n p u t ,  o r  t h e  f o o d  a  p e r s o n  e a t s ,  t h e  o n l y  m e a s u r e s  u s u a l l y  
a v a i l a b l e  a r e  o u t p u t  m e a s u r e s  ( i . e . ,  g r o w t h  o r  h e a l t h  s t a t u s ) .  T h u s ,  t h e  c r i t e r i a  
f o r  c l a s s i f i c a t i o n  ( s u m m a r i z e d  i n  J e l l i f f e ,  1 9 6 6 )  a r e  a l l  i n f e r e n t i a l ,  w i t h  p a s t  
m a l n u t r i t i o n  i n f e r r e d  f r o m  p r e s e n t  p h y s i c a l  s t a t e .  I n  p a r t i c u l a r ,  p r o t e i n - c a l o r i e  
m a l n u t r i t i o n  ( P C M )  h a s  b e e n  d e f i n e d  u s i n g  i n d i c a t o r s  o f  p h y s i c a l  g r o w t h ,  
v a r i o u s  c l i n i c a l  s i g n s ,  a n d  b i o c h e m i c a l  i n d i c a t o r s .  
T h e  p r i m a r y  i n d i c a t o r  o f  m a l n u t r i t i o n  i s  l o w  w e i g h t  f o r  a g e ,  a n d  t h e  
s e v e r e l y  m a l n o u r i s h e d  c h i l d  h a s  l e s s  t h a n  7 0 %  o f  t h e  e x p e c t e d  w e i g h t  f o r  a g e  
( b e l o w  t h e  3 0 t h  p e r c e n t i l e ) .  T h e  m o d e r a t e l y  m a l n o u r i s h e d  c h i l d  i s  u s u a l l y  
P a t r i c i a  L .  E n g l e ,  M a r c  I r w i n ,  R o b e r t  E .  K l e i n ,  a n d  J o h n  W .  T o w n s e n d .  D i v i s i o n  o f  H u m a n  
D e v e l o p m e n t ,  I n s t i t u t e  o f  N u t r i t i o n  o f  C e n t r a l  A m e r i c a  a n d  P a n a m a  ( { N C A P ) ,  G u a t e m a l a ,  C e n t r a l  
A m e r i c a .  C h a r l e s  Y a r b r o u g h .  C o m p u t e r s  f o r  M a r k e t i n g  C o r p o r a t i o n ,  K e n w o o d ,  C a l i f o r n i a .  
identified by a growth retardation of less than 90% of the normal weight for 
age. The low weight for age of the moderately malnourished child may be 
accompanied by biochemical indications and/or evidence of reduced food in­
take, but almost never by clinical signs. 
The majority of studies on human malnutrition and mental development 
have dealt exclusively with the effects of severe malnutrition (Birch et at., 
1971; Botha-Antoun et at., 1968; Brockman and Ricciuti, 1971; Cabak and 
Najdanvic, 1965; Champankan et at., 1968; Chase and Martin, 1970; Cravioto 
and DeLicardie, 1968; Cravioto and Robles, 1965; Cravioto et at., 1966; 
DeLicardie and Cravioto, 1974; Edwards and Craddock, 1973; Evans et at., 
1971; Hertzig et at., 1972; Liang et at., 1967; Monckeberg, 1968; Montelli et 
at., 1974; Pollitt and Granoff, 1967; Stein et at., 1972a). Typically, subjects 
have been children hospitalized for one of two forms of acute malnutrition, 
marasmus or kwashiorkor (Birch et at., 1971; Brockman and Ricciuti, 1971; 
Cabak and Najdanvic, 1965; Champankan et at., 1968; Chase and Martin, 
1970; Cravioto and Robles, 1965; DeLicardie and Cravioto, 1974; Evans et at., 
1971; Hertzig et at., 1972; Monckeberg, 1968; Montelli et at., 1974; Pollitt and 
Granoff, 1967). In these studies of severe malnutrition an association between 
early PCM and later poor cognitive performance has usually been found. 
However it is likely that the trauma associated with having a serious illness, 
being hospitalized, and being separated from the home environment in itself 
has negative effects on mental development. 
Fewer investigations have focused on the consequences of mild-to-mod­
erate malnutrition, although the number of children affected is far greater. In 
Guatemala, for instance, a recent report estimated that 80% of the country's 
children were undernourished, compared to a prevalence of severe malnutri­
tion of 3% (INCAP/HEW, 1972). The effects of mild-to-moderate PCM have 
been studied by Boutourline et at. (1973), Chavez et at. (1974), McKay et at. 
(1969), Montelli et at. (1974), Mora et at. (1974), and Patel (1974). Like the 
research work on severe PCM cited, these studies have typically reported an 
association between malnutrition and poor cognitive performance, although 
causality has not been clearly demonstrated. 
Up to the present, it has not been possible to establish a causal link 
between malnutrition and deficient mental development, largely because most 
studies have employed observational designs in which naturally occurring 
malnutrition has been identified and correlated mental development has been 
measured rather than experimental designs. Although most of these studies 
have found associations between early malnutrition and deficient mental de­
velopment, an alternative causal explanation for these findings has alw'itys 
existed. Poverty and accompanying social deprivation almost invariably co­
exist with malnutrition (e.g., Chase and Martin, 1970; Chavez et at., 1974; 
Cravioto and Robles, 1965; Evans et at., 1971; Monckeberg et aI., 1972; Mora 
et at., 1974; Patel, 1974; Schlenker et at., 1968; Stoch and Smythe, 1963, 
1967). Since social deprivation may well playa causal role in deficient mental 
development (e.g., Hess et at., 1968; Whiteman and Deutsch, 1968), the effects 
of nutritional and social variables on mental development are confounded. 
O n e  u s e f u l  s t r a t e g y  e m p l o y e d  i n  m a l n u t r i t i o n / m e n t a l  d e v e l o p m e n t  r e ­
s e a r c h  h a s  b e e n  t o  i d e n t i f y  s i t u a t i o n s  i n  w h i c h  t h e  u s u a l  a s s o c i a t i o n  b e t w e e n  
m a l n u t r i t i o n  a n d  p o o r  s o c i a l  a n d  e c o n o m i c  b a c k g r o u n d  d o e s  n o t  h o l d .  W i n i c k  
e t  a l .  ( 1 9 7 5 )  c o m p a r e d  K o r e a n  i n f a n t s  w i t h  v a r y i n g  h i s t o r i e s  o f  m a l n u t r i t i o n  
a d o p t e d  b y  U . S .  m i d d l e - c l a s s  f a m i l i e s  a n d  f o u n d  t h a t  a  g o o d  e n v i r o n m e n t  
c o u l d  s u b s t a n t i a l l y  i n c r e a s e  a  p r e v i o u s l y  m a l n o u r i s h e d  c h i l d ' s  c h a n c e s  f o r  
a d e q u a t e  d e v e l o p m e n t .  L l o y d - S t i l l  e t  a l .  ( 1 9 7 4 )  i d e n t i f i e d  4 1  m i d d l e - c l a s s  c h i l ­
d r e n  w h o  h a d  s u f f e r e d  s e v e r e  m a l n u t r i t i o n  i n  t h e  f i r s t  6  m o n t h s  o f  l i f e  a s  a  
r e s u l t  o f  c y s t i c  f i b r o s i s  o r  v a r i o u s  c o n g e n i t a l  d e f e c t s .  T h e s e  c h i l d r e n  s h o w e d  
m e n t a l  d e f i c i t s  c o m p a r e d  t o  s i b l i n g s  o n l y  a t  a g e  5 .  F o r  o l d e r  c h i l d r e n  d i f f e r ­
e n c e s  w e r e  n o t  p r e s e n t .  R i c h a r d s o n  ( 1 9 7 6 )  s t u d i e d  7 1  J a m a i c a n  s c h o o l b o y s  
w i t h  a  h i s t o r y  o f  e a r l y  s e v e r e  m a l n u t r i t i o n .  O n l y  t h e  c h i l d r e n  w h o  h a d  i n a d e ­
q u a t e  g r o w t h  a n d  a  p o o r  s o c i a l  b a c k g r o u n d  a f t e r  t h e i r  e p i s o d e  o f  m a l n u t r i t i o n  
c o n t i n u e d  t o  b e  r e t a r d e d  i n  c o m p a r i s o n  w i t h  s i b l i n g s ,  w h e r e a s  t h o s e  w i t h  
e i t h e r  a d e q u a t e  g r o w t h  o r  a  g o o d  h o m e  e n v i r o n m e n t  d i d  n o t  c o n t i n u e  t o  s h o w  
r e t a r d e d  d e v e l o p m e n t .  T h e s e  t h r e e  s t u d i e s  s u g g e s t  a n  i n d e p e n d e n t  c a u s a l  r o l e  
o f  m a l n u t r i t i o n ,  a n d  u n d e r l i n e  t h e  i m p o r t a n t  r o l e  o f  s o c i a l  e n v i r o n m e n t  f o r  
m e n t a l  d e v e l o p m e n t ,  p a r t i c u l a r l y  i n  l a t e r  c h i l d h o o d .  
A  s e c o n d  d e s i g n  s o l u t i o n  t o  t h e  p r o b l e m  o f  e s t a b l i s h i n g  c a u s a l i t y  c o n s i s t s  
o f  i n t r o d u c i n g  e x p e r i m e n t a l  m a n i p u l a t i o n  i n  t h e  f o r m  o f  i m p r o v e m e n t  o f  b a s e ­
l i n e  n u t r i t i o n a l  s t a t u s  o f  a  s t u d y  p o p u l a t i o n ,  a l o n g  w i t h  p r o s p e c t i v e  m e a s u r e ­
m e n t  o f  b o t h  n u t r i t i o n a l  s t a t u s  a n d  s o c i a l  d e p r i v a t i o n  d a t a .  B e c a u s e  i t  i n v o l v e s  
p r o s p e c t i v e  m e a s u r e m e n t  o f  n u t r i t i o n a l  s t a t u s ,  a n d  b e c a u s e  o f  t h e  g r e a t e r  
p r e c i s i o n  o f  m e a s u r e m e n t  m a d e  p o s s i b l e  b y  e x p e r i m e n t a l  m a n i p u l a t i o n ,  s u c h  
a  d e s i g n  i s  p r o b a b l y  o p t i m a l .  T h i s  d e s i g n  h a s  b e e n  e m p l o y e d  i n  t h e  I N C A P  
l o n g i t u d i n a l  s t u d y  d e s c r i b e d  i n  t h e  p r e s e n t  c h a p t e r .  
2 .  T h e  [ N e A P  S t u d y  
S i n c e  1 9 6 9  I N C A P  h a s  b e e n  c o l l e c t i n g  d a t a  o n  p r e g n a n t  a n d  l a c t a t i n g  
m o t h e r s  a n d  c h i l d r e n  f r o m  b i r t h  t o  7  y e a r s  o f  a g e  i n  a  l o n g i t u d i n a l  q u a s i ­
e x p e r i m e n t a l  i n t e r v e n t i o n  s t u d y .  F o u r  v i l l a g e s  i n  t h e  e a s t e r n ,  S p a n i s h - s p e a k i n g  
s e c t i o n  o f  G u a t e m a l a ,  w h e r e  m a l n u t r i t i o n  i s  e n d e m i c ,  w e r e  m a t c h e d  a c c o r d i n g  
t o  a  n u m b e r  o f  d e m o g r a p h i c ,  s o c i a l ,  a n d  e c o n o m i c  c h a r a c t e r i s t i c s .  T h e  e x p e r ­
i m e n t a l  i n t e r v e n t i o n  w a s  d i f f e r e n t i a l  s u p p l e m e n t a l  f e e d i n g  o f  t w o  m a t c h e d  
g r o u p s ;  t w o  " e x p e r i m e n t a l "  v i l l a g e s  w e r e  s e l e c t e d  a t  r a n d o m ,  w h e r e  a  h i g h ­
p r o t e i n / c a l o r i e  d r i n k  s i m i l a r  t o  a  p o p u l a r  c o r n - b a s e d  g r u e l  ( a t o l e )  w a s  m a d e  
a v a i l a b l e  t w i c e  d a i l y  f o r  a l l  r e s i d e n t s  a t  a  c e n t r a l  d i s p e n s a r y ;  a n d  t w o  w e r e  
s e l e c t e d  a s  " c o n t r o l "  v i l l a g e s ,  w h e r e  a  d r i n k  w a s  m a d e  a v a i l a b l e  t o  a l l  w h o  
w i s h e d  t o  p a r t a k e ;  t h i s  d r i n k  ( f r e s c o ) ,  s i m i l a r  t o  K o o l - A i d ,  c o n t a i n s  a b o u t  o n e ­
t h i r d  o f  t h e  c a l o r i e s  o f  t h e  a t o l e .  B o t h  d r i n k s  p r o v i d e  e n o u g h  i r o n ,  v i t a m i n s ,  
a n d  m i n e r a l s  t o  e n s u r e  t h a t  n o n e  o f  t h e s e  s u b s t a n c e s  s h o u l d  b e  l i m i t i n g  i n  t h e  
r e c i p i e n t s '  d i e t s .  I n  b o t h  e x p e r i m e n t a l  a n d  c o n t r o l  v i l l a g e s ,  f r e e  o u t p a t i e n t  
m e d i c a l  c a r e  h a s  a l s o  b e e n  p r o v i d e d  s i n c e  t h e  i n c e p t i o n  o f  t h e  s t u d y .  
T h e  s t u d y  d e s i g n  i s  l o n g i t u d i n a l ,  a n d  a s  o f  1 9 6 9  a l l  c h i l d r e n  i n  t h e  v i l l a g e s  

  
from birth through 7 years of age have been measured in terms of the inde­
pendent and dependent variables. Our primary concern in this chapter is the 
preschool children for whom we have information on supplemental food in­
gested by mother or child since the child's conception. The design is prospec­
tive in that data about a child's health and feeding are collected along with 
mental testing. 
This design permits the examination of change over time from one testing 
to another, and thus makes possible investigation of whether supplemental 
feeding during a certain period is related to increases in test· performance 
during the same period, or at what stage of mental development the largest 
effects of the supplemental feeding are likely to appear. It also permits deter­
mination of whether there are periods in development during which nutritional 
supplementation most affects subsequent mental development. Finally, the 
longitudinal design allows one to ask whether effects seen at one age persist 
to later ages or are erased by intervening circumstances. 
2.1. Definition of the Independent Variable 
The optimal measure of nutritional status is total nutrient ingestion by the 
mother during pregnancy and lactation and by the child up to the point of his 
mental testing. This measure would be the sum of supplemental feeding and 
level of home diet of the mother and child during these periods. Individually 
reliable home diet information is extremely difficult to obtain because of 
vagaries and biases of individual reporting, variability in what a child eats 
from day to day, and changes in the biochemical and nutrient composition of 
various foods from year to year. In fact, in the INCAP study, estimates of the 
total home diet based on dietary surveys are less precise than supplemental 
food ingested, which can be measured very accurately. Supplement ingestion 
has consistently been related to growth in the study population, and does not 
significantly replace home dietary consumption (Martorell et al., 1978). We 
have, however, continued to measure home diet, employing it as a family 
background variable that assures us that high- and low-supplement ingestion 
groups do not differ in their family home diet. 
2.2. Measurement of Mental Development 
Measurement of preschool mental development in the longitudinal study 
has been purposely broad and eclectic. At 3, 4, 5, 6, and 7 years of age, the 
INCAP Preschool Battery (DDH/INCAP, 1975) is administered. It consists of 
10 tests at ages 3 and 4, and 22 tests from age 5 on. The tests in the battery 
were selected to. represent diverse theoretical orientations (e.g., learning, psy­
chometric, and Piagetian), and to broadly sample attentional, perceptual ana­
lytic, learning, memory, and reasoning processes. 
Reliabilities of Preschool Battery tests have been assessed, and are gen­
erally high. Interobserver reliability is at least 0.99 for each test. Test-retest 
r e l i a b i l i t y  ( I - w e e k  i n t e r v a l s )  c o e f f i c i e n t s  a r e  a l s o  a c c e p t a b l e  h i g h  ( D D H  P r o g ­
r e s s  R e p o r t ,  1 9 7 5 ) .  
A  m a j o r  c o n c e r n  o f  t h e  l o n g i t u d i n a l  s t u d y  h a s  b e e n  t o  a s s u r e  t h a t  m e n t a l  
t e s t s  e m p l o y e d  p o s s e s s e d  e m i c  v a l i d i t y  ( B e r r y ,  1 9 6 9 ;  I r w i n  e t  a i . ,  1 9 7 7 ) ,  o r  
w e r e  r e a l l y  m e a s u r i n g  s i g n i f i c a n t  a s p e c t s  o f  i n t e l l e c t u a l  c o m p e t e n c e  i n  t h e  
r u r a l  G u a t e m a l a n  c o n t e x t .  F r o m  t h e  i n c e p t i o n  o f  t h e  s t u d y ,  c o n s i d e r a b l e  e f f o r t  
h a s  g o n e  i n t o  a c h i e v i n g  t h i s  o b j e c t i v e .  T h e  t e s t s  i n  t h e  P r e s c h o o l  B a t t e r y  w e r e  
a d a p t e d  t o  t h e  r e s e a r c h  s e t t i n g  b y  a  t e a m  c o n s i s t i n g  o f  A m e r i c a n  a n d  G u a t e ­
m a l a n  p s y c h o l o g i s t s ,  a  G u a t e m a l a n  c u l t u r a l  a n t h r o p o l o g i s t ,  a n d  G u a t e m a l a n  
t e s t e r s  a n d  c u l t u r a l  i n f o r m a n t s .  T w o  y e a r s  o f  p r e t e s t i n g ,  d u r i n g  w h i c h  s o m e  
t e s t s  w e n t  t h r o u g h  a s  m a n y  a s  1 0  r e v i s i o n s ,  w e r e  d e v o t e d  t o  d e v e l o p i n g  t e s t  
m a t e r i a l s  a n d  i n s t r u c t i o n s  w h i c h  b o t h  t h e  i n t u i t i o n s  o f  t h e  t e s t e r s  a n d  t h e  
p e r f o r m a n c e s  o f  l o c a l  ( p i l o t  s a m p l e )  c h i l d r e n  o f  v a r i o u s  a g e s  s u g g e s t e d  w e r e  
a p p r o p r i a t e  a n d  m e a n i n g f u l .  
A t t e m p t s  t o  e s t a b l i s h  t h e  e m i c  v a l i d i t y  o f  t h e s e  m e a s u r e s  h a v e  b e e n  m a d e  
w i t h  s u b s a m p l e s  o f  t h e  l o n g i t u d i n a l  s t u d y  p o p u l a t i o n .  I n  o n e  s u c h  s t u d y ,  
a d u l t s '  r a t i n g s  o f  s m a r t n e s s  ( K l e i n  e t  a i . ,  1 9 7 6 ;  N e r l o v e  e t  a i . ,  1 9 7 4 ) ,  w h i c h  i s  
t r a n s l a t e d  a s  " l i s t u r a "  i n  S p a n i s h  a n d  i s  a s s o c i a t e d  w i t h  t h e  c o n c e p t  o f  a l e r t ­
n e s s ,  v e r b a l  f a c i l i t y ,  g o o d  m e m o r y ,  a n d  a  h i g h  l e v e l  o f  p h y s i c a l  a c t i v i t y ,  w e r e  
c o r r e l a t e d  w i t h  a  r e p r e s e n t a t i v e  s e t  o f  P r e s c h o o l  B a t t e r y  t e s t s  ( V o c a b u l a r y  
R e c o g n i t i o n ,  V e r b a l  I n f e r e n c e s ,  D i s c r i m i n a t i o n  L e a r n i n g ,  M e m o r y  f o r  D i g i t s ,  
a n d  E m b e d d e d  F i g u r e s )  a n d  f o u n d  t o  b e  s t r o n g l y  r e l a t e d  ( r ' s  u p  t o  0 . 7 5 )  t o  
t h e s e  P r e s c h o o l  B a t t e r y  t e s t  s c o r e s .  
A  s e c o n d  s t u d y  h a s  c o m p a r e d  t h e  s c h o o l  a t t e n d a n c e  a n d  p e r f o r m a n c e  o f  
c h i l d r e n  w h o  r e c e i v e d  h i g h  a n d  l o w  s c o r e s  o n  o u r  P r e s c h o o l  B a t t e r y ,  a n d  
f o u n d  c o n s i s t e n t  r e l a t i o n s h i p s  b e t w e e n  P r e s c h o o l  B a t t e r y  s c o r e s  a n d  t h e  a g e  
a t  w h i c h  a  c h i l d  w a s  f i r s t  s e n t  t o  s c h o o l  ( h i g h e r - s c o r i n g  c h i l d r e n  t e n d i n g  t o  b e  
s e n t  a t  y o u n g e r  a g e s ) ,  h o w  l o n g  t h e y  r e m a i n e d  ( h i g h e r - s c o r i n g  c h i l d r e n  t e n d i n g  
t o  a t t e n d  l o n g e r ) ,  n u m b e r  o f  y e a r s  o f  s c h o o l  p a s s e d ,  a n d  s c o r e s  o n  n a t i o n a l l y  
s t a n d a r d i z e d  a c h i e v e m e n t  t e s t s  ( I r w i n  e t  a i . ,  1 9 7 8 ) .  
3 .  R e s u l t s  
3 . 1 .  N u t r i t i o n a l  S t a t u s  a n d  M e n t a l  D e v e l o p m e n t  
T h e  c e n t r a l  q u e s t i o n  i n  t h e  l o n g i t u d i n a l  s t u d y  i s  w h e t h e r  m i l d - t o - m o d e r a t e  
m a l n u t r i t i o n ,  a  c o n d i t i o n  a f f e c t i n g  t h e  m a j o r i t y  o f  c h i l d r e n  g r o w i n g  u p  t o d a y  
i n  d e v e l o p i n g  c o u n t r i e s ,  a f f e c t s  t h e  m e n t a l  d e v e l o p m e n t  o f  t h e s e  c h i l d r e n .  O u r  
d a t a  a r g u e  s t r o n g l y  t h a t  t h e  a n s w e r  i s  y e s .  
C h i l d r e n  i n  t h e  s a m p l e  w e r e  c a t e g o r i z e d  a s  a d e q u a t e l y ,  i n a d e q u a t e l y ,  a n d  
m o d e r a t e l y  s u p p l e m e n t e d  f r o m  c o n c e p t i o n  ( D D H / I N C A P ,  1 9 7 5 ) .  M e a n  p s y ­
c h o l o g i c a l  t e s t  s c o r e s  a t  a g e s  3 ,  4 ,  a n d  5  y e a r s  f o r  e a c h  s u p p l e m e n t a t i o n  
c a t e g o r y ,  a n d  F  v a l u e s  f r o m  a  o n e - w a y  a n a l y s i s  o f  v a r i a n c e  b y  s u p p l e m e n t  
c a t e g o r y  a r e  p r e s e n t e d  i n  T a b l e s  I ,  I I ,  a n d  I I I .  S i n c e  s e x  d i f f e r e n c e s  i n  t e s t  
Table I. Means, Pooled Standard Deviations, and Analysis-of-Variance F Values of 
Psychological Test Scores at 36 Months for Children Falling into Various Cumulative 
Supplementation Categories a 
2 3 S.D. Fb 
Composite Score -0.41 (452) 0.60 (119) 0.78 (147) 3.64 8.09** 
Embedded Figures 9.78(440) 9.94 (119) 10.12 (144) 3.32 0.60 
Digit Memory 10.19 (367) 12.42 (107) 11.96 (129) 8.23 4.28** 
Sentence Memory 12.67 (385) 15.05 (108) 15.87 (134) 12.85 3.78* 
Vocabulary Naming 6.66 (426) 8.28 (114) 8.04 (143) 4.18 10.52** 
Vocabulary Recognition 19.90 (426) 20.98 (114) 20.66 (143) 5.72 2.11 
Verbal Inferences 1.38 (191) 1.87 (53) 2.06 (50) 1.27 7.63** 
Memory for Objects 1.94 (199) 1.95 (83) 2.19(114) 1.39 1.32 
Reversal Discrimination 23.79 (393) 25.70 (115) 24.18 (137) 20.61 0.38 
Learning 
Knox Cubes 0.62 (88) 0.41 (46) 0.69 (62) 1.30 0.65 
Draw-a-Line Slowly 10.22 (412) 9.57 (113) 8.90 (147) 4.44 5.09** 
Persistence on an Impossible 5.91 (364) 7.03 (116) 6.51 (148) 5.34 2.15 
Puzzle 
a Caloric supplementation per 3-month period: category I (:5 5000 cal); category 2 (5000-9999 cal); category 3 
(~ 10,000 cal). 
b Symbol: *p < 0.05; **p < 0.01. 
performance were few, data for boys and girls have been combined. A com­
posite score constructed by standardizing and then summing test scores, as 
well as several individual tests, show significant effects of nutritional status at 
each age. Tests which show the effects of food supplementation cover a wide 
Table II. Means, Pooled Standard Deviations, and Analysis-of-Variance F Values of
 
Psychological Test Scores at 48 Months for Children Falling into Various Cumulative
 
Supplementation Categories a
 
2 3 S.D. P 
Composite Score -0.41 (473) 0.59 (132) . 0.98 (120) 3.87 8.21** 
Embedded Figures 2.71 (451) 2.74 (129) 3.24 (119) 1.80 4.31 ** 
Digit Memory 21.56 (448) 22.18 (128) 21.65 (115) 11.90 0.14 
Sentence Memory 31.94 (442) 33.91 (128) 37.33 (113) 20.04 3.37* 
Vocabulary Naming 12.11 (461) 13.95 (130) 14.49 (118) 5.13 14.36** 
Vocabulary Recognition 25.70 (461) 27.79 (130) 27.39 (I 18) 5.34 10.65** 
Verbal Inferences 2.92 (364) 3.19 (110) 3.22 (91) 1.49 2.41 
Memory for Objects 3.63 (221) 3.80 (91) 3.68 (105) 1.68 0.32 
Reversal Discrimination 35.52 (458) 39.00 (131) 40.80 (118) 19.62 4.24** 
Learning 
Knox Cubes 1.36 (163) 1.75 (83) 1.22 (82) 2.02 1.57 
Draw-a-Line Slowly 6.88 (449) 6.36 (129) 4.69 (120) 4.07 14.18** 
Persistence on an Impossible 8.88 (127) 9.78 (127) 10.01 (120) 6.46 1.89 
Puzzle 
a Caloric supplementation per 3-month period: category 1 (:5 5000 cal); category 2 (5000-9999 cal); category 3 
(~ 10,000 cal). 
b Symbols: *p < 0.05; **p < 0.01. 
T a b l e  I I I .  M e a n s ,  P o o l e d  S t a n d a r d  D e v i a t i o n s ,  a n d  A n a l y s i s - o j - V a r i a n c e  F  V a l u e s  o j 
  
P s y c h o l o g i c a l  T e s t  S c o r e s  a t  6 0  M o n t h s  J o r  C h i l d r e n  F a l l i n g  i n t o  V a r i o u s  C u m u l a t i v e 
  
S u p p l e m e n t a t i o n  C a t e g o r i e s  
a  
2  3  S . D .  
F b  
C o m p o s i t e  S c o r e  - 0 . 7 0  ( 4 5 2 )  0 . 8 7  ( 1 3 5 )  1 . 9 0  ( 1 0 4 )  
7 . 6 4  6 . 0 5 * *  
E m b e d d e d  F i g u r e s  4 . 1 2  ( 4 5 0 )  4 . 4 0  ( 1 3 5 )  4 . 8 4  ( 1 0 3 )  
2 . 2 1  4 . 7 2 * *  
D i g i t  M e m o r y  3 5 . 8 2  ( 4 4 1 )  3 5 . 2 0  ( 1 3 5 )  3 4 . 0 9  ( 1 0 3 )  
1 3 . 1 0  
0 . 7 5  
S e n t e n c e  M e m o r y  5 1 . 2 7  ( 4 4 2 )  5 1 . 5 6  ( 1 3 4 )  5 2 . 1 7  ( 1 0 4 )  
2 1 . 1 6  0 . 0 8  
V o c a b u l a r y  N a m i n g  1 7 . 0 8  ( 4 4 9 )  1 8 . 7 8  ( 1 3 5 )  1 8 . 4 0  ( 1 0 4 )  
5 . 0 6  7 . 5 3 * *  
V o c a b u l a r y  R e c o g n i t i o n  3 0 . 0 8  ( 4 4 9 )  3 1 . 1 3  ( 1 3 5 )  3 1 . 3 5  ( 1 0 4 )  
4 . 3 9  5 . 4 0 * *  
V e r b a l  I n f e r e n c e s  4 . 0 7  ( 4 2 2 )  
4 . 4 4  ( 1 2 8 )  
4 . 2 3  ( 9 9 )  
1 . 8 9  
1 . 9 8  
M e m o r y  f o r  O b j e c t s  5 . 5 1  ( 1 9 7 )  
5 . 8 9  ( 8 8 )  
5 . 8 1  ( 8 8 )  
1 . 8 5  1 . 6 0  
R e v e r s a l  D i s c r i m i n a t i o n  2 3 . 7 3  ( 4 3 8 )  2 5 . 5 6  ( 1 3 3 )  2 9 . 6 8  ( 1 0 3 )  
2 1 . 2 0  3 . 3 7 *  
L e a r n i n g  
K n o x  C u b e s  3 . 4 4  ( 2 0 2 )  4 . 7 4  ( 8 8 )  
4 . 9 1  ( 8 9 )  
3 ; 5 3  
7 . 5 7 * *  
C o n s e r v a t i o n  o f  M a t e r i a l  0 . 2 9  ( 1 9 7 )  0 . 3 4  ( 8 6 )  0 . 2 6  ( 8 6 )  
0 . 6 0  0 . 4 0  
C o n s e r v a t i o n  o f  A r e a  0 . 3 5  ( 1 9 3 )  
0 . 4 0  ( 8 5 )  
0 . 3 8  ( 8 7 )  
0 . 6 7  0 . 1 6  
C o n s e r v a t i o n  o f  C o n t i n u o u s  
0 . 2 0  ( 2 0 2 )  
0 . 2 1  ( 8 6 )  
0 . 1 7  ( 8 7 )  
0 . 4 3  
0 . 1 7  
Q u a n t i t y  
I n c o m p l e t e  F i g u r e s  5 . 5 9  ( 2 0 3 )  
5 . 7 3  ( 8 6 )  
5 . 1 5  ( 8 4 )  
2 . 6 4  1 . 1 5  
E l i m i n a t i o n  5 . 1 0  ( 1 9 9 )  5 . 2 4  ( 8 8 )  
5 . 3 3  ( 8 7 )  2 . 1 6  
0 . 4 0  
B l o c k  D e s i g n  3 9 . 5 8  ( 2 0 2 )  
4 2 . 8 4  ( 8 8 )  4 7 . 7 5  ( 8 8 )  
2 0 . 4 6  
5 . 0 4 * *  
I n c i d e n t a l  L e a r n i n g  
1 . 3 4  ( 4 4 8 )  
1 . 7 7  ( 1 3 5 )  1 . 7 9  ( 1 0 3 )  
1 . 2 7  
9 . 3 6 * *  
I n t e n t i o n a l  L e a r n i n g  
2 . 1 8  ( 4 4 8 )  
2 . 4 4  ( 1 3 5 )  2 . 8 7  ( 1 0 3 )  1 . 4 0  1 0 . 9 6 * *  
H a p t i c 7  V i s u a l  3 . 8 6  ( 3 5 1 )  4 . 2 2  ( 1 2 6 )  
4 . 4 5  ( 1 0 3 )  
2 . 8 7  
2 . 0 1  
F a c e - H a n d s  2 . 4 4  ( 2 0 0 )  2 . 3 7  ( 8 7 )  
2 . 4 2  ( 8 7 )  
1 . 3 9  
0 . 0 9  
M a t c h i n g  F a m i l i a r  F i g u r e s  2 . 7 5  ( 4 4 3 )  2 . 8 5  ( 1 3 4 )  2 . 8 6  ( 1 0 3 )  
1 . 3 5  
0 . 5 1  
M e m o r y  f o r  D e s i g n s  1 1 . 6 6  ( 4 4 4 )  1 3 . 0 4  ( 1 3 1 )  1 4 . 7 6  ( 1 0 2 )  
1 1 . 3 7  
3 . 3 7 *  
A n i m a l  H o u s e  1 1 8 . 6 4  ( 1 9 6 )  1 1 4 . 7 6  ( 8 8 )  
1 2 0 . 1 6  ( 8 7 )  5 4 . 0 8  0 . 1 5  
D r a w - a - L i n e  S l o w l y  
4 . 4 2  ( 4 3 0 )  
3 . 3 9 ( 1 3 1 )  3 . 1 8  ( 1 0 4 )  3 . 1 3  1 0 . 2 7 * *  
P e r s i s t e n c e  o n  a n  I m p o s s i b l e  1 2 . 0 1  ( 3 6 5 )  1 3 . 6 8  ( 1 3 0 )  1 3 . 7 4  ( 1 0 2 )  6 . 2 0  5 . 3 6 * *  
P u z z l e  
a  C a l o r i c  s u p p l e m e n t a t i o n  p e r  3 - m o n t h  p e r i o d :  c a t e g o r y  I  ( : 5  5 0 0 0  c a l ) ;  c a t e g o r y  2  ( 5 0 0 0 - 9 9 9 9  c a l ) ;  c a t e g o r y  3  
( ; ; "  1 0 , 0 0 0  c a l ) .  
b  S y m b o l s :  * p  <  0 . 0 5 ;  * * p  <  0 . 0 1 .  
r a n g e  o f  s k i l l s ,  i n c l u d i n g  v e r b a l  r e a s o n i n g ,  l e a r n i n g  a n d  m e m o r y ,  v i s u a l  a n a l ­
y s i s ,  a n d  m o t o r  c o n t r o l .  
W e  h a v e  a l s o  a t t e m p t e d  t o  d e t e r m i n e  i f  c r u c i a l  p e r i o d s  e x i s t  i n  w h i c h  
n u t r i t i o n a l  s t a t u s  h a s  a  p a r t i c u l a r l y  s t r o n g  i m p a c t  u p o n  s u b s e q u e n t  m e n t a l  t e s t  
p e r f o r m a n c e .  T o  e x a m i n e  t h i s  q u e s t i o n ,  w e  h a v e  e m p l o y e d  r e g r e s s i o n  a n a l y s e s  
w h e r e i n  s u p p l e m e n t a t i o n  d u r i n g  t h e  d i s t i n c t  d e v e l o p m e n t a l  e p o c h s  o f  p r e g ­
n a n c y ,  0  t o  2 4  m o n t h s ,  2 4  t o  3 6  m o n t h s ,  a n d  3 6  t o  4 8  m o n t h s ,  w a s  r e g r e s s e d  
o n  m e n t a l  t e s t  p e r f o r m a n c e s  a t  a g e s  3  a n d  4 .  T h e s e  a n a l y s e s  c o u l d  n o t  b e  
i n t e r p r e t e d  a t  a g e  5 ,  s i n c e  r e l a t i v e l y  f e w  c h i l d r e n  t e s t e d  a s  y e t  a t  a g e  5  h a v e  
b e e n  w e l l  s u p p l e m e n t e d  d u r i n g  p r e g n a n c y .  H o w e v e r ,  a t  a g e s  3  a n d  4  t h e s e  
a n a l y s e s  s u g g e s t  t h a t  s u p p l e m e n t a t i o n  d u r i n g  t h e  p e r i o d s  o f  g e s t a t i o n  a n d  b i r t h  
t o  2 4  m o n t h s  i s  m o s t  i m p o r t a n t  i n  d e t e r m i n i n g  m e n t a l  d e v e l o p m e n t .  T a b l e  I V  
p r e s e n t s  s i m p l e  s l o p e s  o f  s u p p l e m e n t a t i o n  o n  t e s t  p e r f o r m a n c e  d u r i n g  t h e s e  
Table IV. Regressions on Test Performance Using a Caloric Supplement Varying by 
Time Periods 
Supplementation Simple Partial S.D. of test 
Test N variable slope" slope",b score 
At 36 months 
Cognitive 718 In utero 0.218** 0.112 3.64 
Composite To child 0-24 0.126*** 0.108*** 
Vocabulary 683 In utero 0.212* 0.076 4.18 
Naming To child 0-24 0.150*** 0; 138*** 
Verbal 294 In utero 0.223*** 0.203*** 1.26 
Inferences To child 0-24 0.051** 0.024 
At 48 months 
Cognitive 725 In utero 0.281** 0.142*** 3.87 
Composite To child 0-24 0.142*** 0.]22*** 
Vocabulary 709 In utero 0.343** 0.093 5.12 
Naming To child 0-24 0.233*** 0.220*** 
Verbal 565 In utero 0.120** 0.096* 2.12 
Inferences To child 0-24 0.034* 0.020 
a Symbols: *p < 0.05; **p < 0.01; ***p < 0.001.
 
b Partial slope of the supplement period indicated controlling for the other period.
 
two periods, and partial slopes with each, after variance from the other period 
of supplementation was removed. These partial slopes indicate how much 
variance in test performance can be attributed to supplement during one period 
independent of the other. Data are presented for a reduced set of tests: the 
Composite Score, Vocabulary Naming, and Verbal Inferences. These last two 
tests were selected in addition to the Composite Score because data for Vo­
cabulary typify effects seen at ages 3 and 4, while Verbal Inferences behaves 
uniquely, showing strong effects of early supplementation. All simple slopes 
for supplement both during pregnancy and from 0 to 24 months are significantly 
different from zero. In addition, the partial slopes of gestational supplemen­
tation controlling for supplement ingested from 0 to 24 months are significant 
for the Composite Score at 48 months and for Verbal Inferences at 36 and 48 
months. In contrast, significant partial slopes for supplement ingestion from 
birth to 24 months controlling for gestational supplement are seen for the 
Composite Score and for Vocabulary Naming at 36 and 48 months. Although 
the partial effects vary somewhat by age and test, both periods of supplement 
appear to play an independent role in the mental development of these children 
at ages 3 and 4. 
3.2. Alternative Explanations for Findings, and the Roles of Social, Economic, 
and Biomedical Factors in Mental Development 
We have considered the possibility that nonnutritional variables may be 
confounded with and responsible for the apparent effects of supplementation 
on mental development, observed in our analyses. Among the "ariables con­
s i d e r e d  h a v e  b e e n :  e f f e c t  o f  r e p e a t e d  t e s t i n g ,  m o r b i d i t y  o f  S '  s ,  p a r e n t a l  c o ­
o p e r a t i o n  w i t h  t h e  p r o j e c t ,  v i l l a g e  d i f f e r e n c e s ,  a n d  a t t e n d a n c e  t o  t h e  s u p p l e ­
m e n t a t i o n  c e n t e r s .  T e s t i n g  e f f e c t s  h a v e  b e e n  e x a m i n e d ,  a n d  t h e y  d o  n o t  a p p e a r  
t o  c o n s t i t u t e  a  v a i a b l e  a l t e r n a t i v e  e x p l a n a t i o n  f o r  o u r  f i n d i n g s  a m o n g  3 - t o  5 ­
y e a r - o l d s .  T h e  s a m e  m a y  b e  s a i d  f o r  c h i l d  m o r b i d i t y  h i s t o r y  a n d  f o r  p a r e n t a l  
c o o p e r a t i o n  w i t h  t h e  p r o j e c t :  c o r r e l a t i o n s  b e t w e e n  m o r b i d i t y  m e a s u r e s  a n d  
p s y c h o l o g y  s c o r e s  a r e  m i n i s c u l e .  S o  a r e  c o r r e l a t i o n s  b e t w e e n  p a r e n t a l  c o o p ­
e r a t i o n  r a t i n g s  ( m a d e  b y  s t a f f  p e r s o n n e l )  a n d  p s y c h o l o g y  s c o r e s .  
W e  h a v e  a l s o  e x a m i n e d  t h e  p o s s i b i l i t y  t h a t  t h e  f r e s c o  a n d  a t o l e  v i l l a g e s  
d i f f e r  i n  c h a r a c t e r i s t i c s  o t h e r  t h a n  t r e a t m e n t  t h a t  m i g h t  b e  r e l a t e d  t o  m e n t a l  
d e v e l o p m e n t .  T h e s e  d i f f e r e n c e s  w o u l d  c o n f o u n d  t h e  r e s u l t s ,  s i n c e  w e l l - s u p ­
p l e m e n t e d  c h i l d r e n  a r e  m o r e  c o m m o n  i n  t h e  a t o l e  v i l l a g e s ,  w h i l e  n o n s u p p l e ­
m e n t e d  c h i l d r e n  a r e  m o r e  c o m m o n  i n  t h e  f r e s c o  v i l l a g e s .  T o  e x p l o r e  v i l l a g e  
d i f f e r e n c e s ,  a n  a n a l y s i s  o f  v a r i a n c e  o f  y e a r  o f  p r o j e c t  b y  v i l l a g e  t y p e  ( a t o l e  o r  
f r e s c o )  w a s  r u n  o n  a l l  3 6 - m o n t h  p s y c h o l o g y  v a r i a b l e s  u s i n g  o n l y  n o n s u p p l e ­
m e n t e d  c h i l d r e n  f r o m  t h e  f r e s c o  a n d  a t o l e  v i l l a g e s .  S i n c e  n o n e  o f t h e s e  c h i l d r e n  
h a v e  r e c e i v e d  m u c h  s u p p l e m e n t a t i o n ,  a n y  d i f f e r e n c e s  b y  t y p e  o f  v i l l a g e  ( a t o l e  
o r  f r e s c o )  b e t w e e n  t h e m  w o u l d  s u p p o r t  t h e  e x i s t e n c e  o f  a r t i f a c t u a l  v i l l a g e  
d i f f e r e n c e s .  H o w e v e r ,  n o  m a i n  e f f e c t  o f  v i l l a g e  t y p e  a b o v e  t h e  0 . 0 5  l e v e l  w a s  
f o u n d  f o r  a n y  t e s t .  T h u s ,  v i l l a g e  d i f f e r e n c e s  d o  n o t  a p p e a r  t o  c o n s t i t u t e  a n  
a l t e r n a t i v e  e x p l a n a t i o n  f o r  t h e  o b s e r v e d  s u p p l e m e n t  e f f e c t s .  
I t  i s  a l s o  p o s s i b l e  t h a t  t h e  s o c i a l  s t i m u l a t i o n  i n h e r e n t  i n  a t t e n d i n g  t h e  
s u p p l e m e n t a t i o n  c e n t e r  p e r  s e  m a y  i n c r e a s e  t e s t  s c o r e s .  D a y s  o f  a t t e n d a n c e  
a t  t h e  s u p p l e m e n t a t i o n  c e n t e r  f r o m  3 6  m o n t h s  o n  d o e s  a p p e a r  t o  a f f e c t  t e s t  
p e r f o r m a n c e  b y o n d  t h a t  a g e .  H o w e v e r ,  t h e  m a g n i t u d e  o f  t h i s  a t t e n d a n c e  
e f f e c t  i s  q u i t e  s m a l l .  R e g r e s s i o n  a n a l y s e s  e x a m i n i n g  t h e  e f f e c t  o f  n u m b e r  o f  
d a y s  o f  a t t e n d a n c e  t o  o u r  s u p p l e m e n t a t i o n  c e n t e r s  o n  P r e s c h o o l  B a t t e r y  p e r ­
f o r m a n c e  r e v e a l  t h a t  f o r  e v e r y  1 0 0  d a y s  o f  a t t e n d a n c e ,  a n  i n c r e m e n t  o f  0 . 0 0 7  
s t a n d a r d  d e v i a t i o n  u n i t  o n  t h e  C o m p o s i t e  S c o r e  i s  p r o d u c e d .  T h u s ,  t h e  s i z e  o f  
t h i s  e f f e c t  r e n d e r s  i t  o f  l i t t l e  i m p o r t a n c e  a s  a n  a l t e r n a t i v e  e x p l a n a t i o n  o f  o u r  
p r e v i o u s l y  o b s e r v e d  e f f e c t s  o f  n u t r i t i o n a l  s u p p l e m e n t a t i o n  o n  t e s t  p e r f o r m ­
a n c e .  
A n o t h e r  p o s s i b l e  s o u r c e  o f  c o n f o u n d i n g  s e c u l a r  c h a n g e ,  o r  c h a n g e  o v e r  
h i s t o r i a l  t i m e ,  h a s  b e e n  i n v e s t i g a t e d .  T o  a d d r e s s  t h e  p r o b l e m  o f  s e c u l a r  c h a n g e ,  
m e a n  c o m p o s i t e  s c o r e s  o f  t h e  l e a s t  s u p p l e m e n t e d  c h i l d r e n ,  w h o  w o u l d  h a v e  
b e e n  r e l a t i v e l y  u n a f f e c t e d  b y  t h e  t r e a t m e n t ,  w e r e  c a l c u l a t e d  b y  y e a r  o f  t h e  
p r o g r a m .  I n s p e c t i o n  o f  t h e  m e a n s  h a s  d e m o n s t r a t e d  t h a t  t h e r e  i s  n o  l i n e a r  
t r e n d  o v e r  t h e  d u r a t i o n  o f  t h e  p r o g r a m .  
P r o b a b l y  t h e  b e s t  c a n d i d a t e  f o r  a n  a l t e r n a t i v e  e x p l a n a t i o n  o f  o u r  f i n d i n g  
o f  a n  a s s o c i a t i o n  b e t w e e n  f o o d  s u p p l e m e n t a t i o n  a n d  m e n t a l  d e v e l o p m e n t  i s  
f a m i l y  s o c i o e c o n o m i c  s t a t u s  ( S E S ) .  T h e r e  a r e  t w o  i m p o r t a n t  r e a s o n s  f o r  e x ­
a m i n i n g  e c o n o m i c  a n d  s o c i a l  v a r i a b l e s  i n  o u r  s t u d y .  F i r s t ,  i t  i s  g e n e r a l l y  k n o w n  
t h a t  f a m i l y  c h a r a c t e r i s t i c s  a r e  f r e q u e n t l y  a s s o c i a t e d  w i t h  m e n t a l  t e s t  p e r f o r m ­
a n c e  ( e . g . ,  W h i t e m a n  a n d  D e u t s c h ,  1 9 6 8 ;  H e s s ,  1 9 7 0 ) ,  a s  w a s  f o u n d  i n  t h e s e  
v i l l a g e s .  S e c o n d ,  f a m i l y  S E S  l e v e l  u s u a l l y  c o v a r i e s  w i t h  c h i l d r e n ' s  n u t r i t i o n a l  
s t a t u s .  T h u s ,  f a m i l y  S E S  m u s t  b e  c a r e f u l l y  m e a s u r e d  i n  t e s t e d  p o p u l a t i o n s  i n  
studies of malnutrition and mental development to control for possible con­
founding effects. 
The second reason for investigating the role of economic and social factors 
is that mental development almost certainly has multiple causes, and to un­
derstand the effects of nutrition on mental development we must first inves­
tigate interactions of nutritional status with other possibly causal variables. 
Thus, by employing measures offamily SES level and intellectual stimulation 
in the home, we may be able to identify the conditions under which nutrition 
has its largest effects. 
In the present study, family SES level is unrelated to supplement inges­
tion. This is not surprising, because the supplement is provided to all, regard­
less of their SES level. Furthermore, we know that the associations we have 
found between food supplementation and mental test performance are not due 
merely to SES differences between good and poor test performers; regression 
analyses in which successive offspring of the same mother are compared have 
been performed. Because these analyses make within-family comparisons, all 
family-level variables, including SES, are held constant. They indicate that 
mental test scores are significantly related to differences in nutritional status 
between successive offspring of the same mother, and that this within-family 
association is as strong as the between-family association of nutritional status 
and mental development described earlier. Although it does not explain the 
association between nutritional status and mental development, family SES 
level does appear to interact with nutritional status in affecting mental devel­
opment. Although effects of supplement ingestion exist within both the upper 
and lower halves of the family SES distribution, these effects are somewhat 
different for children of low and high SES families. 
A child's relative risk of falling into the lowest pentile of the Composite 
Score distribution if he is both low SES and inadequately supplemented is 
shown in Table V. The table presents the number of 3-, 4- and 5-year-old 
Table V. Numbers of Children in Lowest Supplementation 
Category a during the Period from Birth to 24 Months Falling into 
the Lowest Pentile of Composite Score Performance or Not, by 
SES Level 
Lowest pentile Higher pentile Relative risk b 
3 years 
Low SES 
High SES 
61 
47 
166 
200 1.41* 
4 years 
Low SES 
High SES 
82 
43 
169 
233 2.10** 
5 years 
Low SES 
High SES 
69 
47 
183 
241 1.68** 
a Caloric supplementation per 3-month period: category 1(55000 cal); category 2 (5000­
9999 cal); category 3 (;" 10,000 cal). 
• Symbols: *p < 0.05; **p < 0.01. 
c h i l d r e n  i n  h i g h  a n d  l o w  p e n t i l e s  o f  t h e  C o g n i t i v e  C o m p o s i t e  d i s t r i b u t i o n  w h o  
f a l l  i n t o  t h e  l o w e s t  s u p p l e m e n t  c a t e g o r y  f o r  t h e  p e r i o d  o f  b i r t h  t h r o u g h  2 4  
m o n t h s  a s  a  f u n c t i o n  o f  f a m i l y  S E S  l e v e l .  L o w - S E S  c h i l d r e n  w h o  w e r e  i n  t h e  
l o w e s t  s u p p l e m e n t a t i o n  c a t e g o r y  w e r e  a t  g r e a t e r  r i s k  o f  b e i n g  i n  t h e  l o w e s t  
p e n t i l e  o f  t e s t  p e r f o r m a n c e  t h a n  w e r e  p o o r l y  s u p p l e m e n t e d  c h i l d r e n  f r o m  
h i g h e r  S E S  f a m i l i e s .  T h i s  f i n d i n g  i s  m o r e  i m p r e s s i v e  b e c a u s e  t h e  r a n g e  o f  
f a m i l y  S E S  v a r i a t i o n  i n  t h e  s t u d y  c o m m u n i t i e s  i s  v e r y  s m a l l .  
F a m i l y  S E S  n o t  o n l y  i n t e r a c t e d  w i t h  n u t r i t i o n a l  s t a t u s  t o  a f f e c t  m e n t a l  
d e v e l o p m e n t ,  b u t  a l s o  a p p e a r s  t o  h a v e  e x e r t e d  a n  e f f e c t  d i r e c t l y  u p o n  m e n t a l  
d e v e l o p m e n t .  T a b l e  V I  p r e s e n t s  c o r r e l a t i o n s  b e t w e e n  m e n t a l  t e s t  p e r f o r m a n c e  
a n d  f a m i l y  e c o n o m i c  i n d i c a t o r s  o f  H o u s e  Q u a l i t y  a n d  q u a l i t y  o f  P a r e n t s '  
C l o t h i n g ,  a s  w e l l  a s  w i t h  a  n u m b e r  o f  f a m i l y  m e a s u r e s  c o n s t r u c t e d  t o  i n d e x  
a s p e c t s  o f  i n t e l l e c t u a l  s t i m u l a t i o n  a v a i l a b l e  i n  t h e  h o m e ,  f o l l o w i n g  t o  s o m e  
d e g r e e  C a l d w e l l ' s  H o m e  E n v i r o n m e n t  i n s t r u m e n t  ( B r a d l e y  a n d  C a l d w e l l ,  
1 9 7 6 ) .  T h e s e  m e a s u r e s  a r e :  M o t h e r  C o m p o s i t e ,  w h i c h  c o m b i n e s  t h e  m o t h e r ' s  
v o c a b u l a r y  t e s t  s c o r e ,  l i t e r a c y ,  y e a r s  o f  s c h o o l  p a s s e d ,  a n d  m o d e r n i t y  i n t o  a  
s i n g l e  i n d e x  o f  i n t e l l e c t u a l  c h a r a c t e r i s t i c s ;  F a t h e r ' s  S c h o o l i n g ,  o r  h i s  y e a r s  o f  
s c h o o l  p a s s e d ;  S i b l i n g  S c h o o l i n g ,  o r  a v e r a g e  y e a r s  p a s s e d  b y  a l l  o l d e r  s i b l i n g s  
l i v i n g  a t  h o m e ;  T o y s ,  o r  t h e  q u a n t i t y  a n d  q u a l i t y  ( e . g . ,  p r e s e n c e  o f  m o v i n g  
p a r t s ,  e t c . )  o f  t o y s  i n  t h e  h o m e ;  a n d  B o o k s  a n d  O b j e c t s ,  o r  t h e  n u m b e r  o f  
b o o k s ,  m a g a z i n e s ,  a n d  v i s u a l l y  s t i m u l a t i n g  o b j e c t s  s u c h  a s  d r a w i n g s ,  p h o t o ­
g r a p h s ,  p i c t o r i a l  c a l e n d a r s ,  d i p l o m a s ,  a n d  d e c o r a t e d  f u r n i t u r e  f o u n d  i n  t h e  
h o m e .  
A s  T a b l e  V I  i n d i c a t e s ,  t h e  M o t h e r  C o m p o s i t e  o f  I n t e l l e c t u a l  C h a r a c t e r ­
i s t i c s  a n d  S i b l i n g  S c h o o l i n g  b o t h  c o r r e l a t e d  c o n s i s t e n t l y  w i t h  t e s t  p e r f o r m a n c e s  
f o r  b o y s ,  a l t h o u g h  M o t h e r  C o m p o s i t e  w a s  u n r e l a t e d  t o  t e s t  p e r f o r m a n c e  f o r  
g i r l s  a n d  S i b l i n g  S c h o o l i n g  o n l y  r e l a t e d  s i g n i f i c a n t l y  t o  p e r f o r m a n c e  a t  a g e  5 .  
F a t h e r ' s  S c h o o l i n g  w a s  u n r e l a t e d  t o  t e s t  p e r f o r m a n c e s .  O f  t h e  t w o  m e a s u r e s  
o f  m a t e r i a l  s t i m u l a t i o n ,  B o o k s  a n d  O b j e c t s ,  b u t  n o t  T o y s ,  a l s o  c o r r e l a t e d  w i t h  
t e s t  p e r f o r m a n c e ,  b u t  o n l y  a t  a g e  5 .  T h e  e c o n o m i c  i n d i c a t o r s  o f  H o u s e  Q u a l i t y  
a n d  P a r e n t s '  C l o t h i n g  r e l a t e d  s i g n i f i c a n t l y  t o  t e s t  p e r f o r m a n c e s  o f  b o t h  b o y s  
a n d  g i r l s  a t  5  y e a r s  o f  a g e ,  a n d  P a r e n t s '  C l o t h i n g  a l s o  r e l a t e d  t o  b o y s '  t e s t  
p e r f o r m a n c e s  a t  a g e s  3  a n d  4 ,  a n d  t o  g i r l s '  p e r f o r m a n c e s  a t  5 .  
I n  s u m m a r y ,  f a m i l y  e c o n o m i c  l e v e l ,  a s  w e l l  a s  h u m a n  a n d  m a t e r i a l  s o u r c e s  
o f  i n t e l l e c t u a l  s t i m u l a t i o n ,  a p p e a r s  t o  i n f l u e n c e  m e n t a l  d e v e l o p m e n t  i n  t h e  
s t u d y  c o m m u n i t i e s .  W o r k  i s  p r e s e n t l y  p r o c e e d i n g  o n  t h e  d e v e l o p m e n t  o f  v a r ­
i o u s  a d d i t i o n a l  e c o n o m i c  a n d  s o c i a l  v a r i a b l e s  m e a s u r e d  a t  t h e  f a m i l y  l e v e l .  
4 .  D i s c u s s i o n  
F i n d i n g s  o f  t h e  I N C A P  s t u d y  t o  d a t e  s u g g e s t  t h a t  t h e r e  i s  a n  e f f e c t  o f  
m a l n u t r i t i o n  o f  m e n t a l  d e v e l o p m e n t  a t  l e a s t  u p  t o  6 0  m o n t h s  o f  a g e  ( t h e  o l d e s t  
c h i l d r e n  w e  h a v e  b e e n  a b l e  t o  s t u d y  f u l l y  l o n g i t u d i n a l l y  t o  d a t e ) ,  t h a t  n u t r i t i o n a l  
i n p u t  i s  o f  g r e a t e s t  i m p o r t a n c e  d u r i n g  g e s t a t i o n  a n d  t h e  f i r s t  2  y e a r s  o f  l i f e ,  
a n d  t h a t  t h e  e f f e c t s  o f  a  p o o r  s o c i o e c o n o m i c  e n v i r o n m e n t  e x a c e r b a t e  t h e  
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e f f e c t s  o f  e a r l y  m a l n u t r i t i o n .  F u r t h e r m o r e ,  t h e s e  d a t a  s u g g e s t ,  m o r e  s t r o n g l y  
t h a n  h a v e  t h o s e  o f  a n y  p r e v i o u s  s t u d y ,  t h a t  t h e  e f f e c t s  o f  m a l n u t r i t i o n  o n  
m e n t a l  d e v e l o p m e n t  a r e  c a u s a l .  
T w o  m a j o r  q ! 1 e s t i o n s  r e g a r d i n g  t h e  e f f e c t s  o f  m a l n u t r i t i o n  o n  m e n t a l  d e ­
v e l o p m e n t  r e m a i n  t o  b e  a n s w e r e d .  T h e  f i r s t  q u e s t i o n  c o n c e r n s  t h e  n a t u r e  o f  
t h e  m e c h a n i s m  t h r o u g h  w h i c h  m a l n u t r i t i o n  a f f e c t s  m e n t a l  d e v e l o p m e n t .  T w o  
m a i n  p o s s i b i l i t i e s  s e e m  c o n s i s t e n t  w i t h  t h e  I N C A P  f i n d i n g s .  T h e  f i r s t  o f  t h e s e  
p o s s i b l e  m e c h a n i s m s  i s  t h a t  o f  s t r u c t u r a l  d a m a g e  t o  t h e  d e v e l o p i n g  n e r v o u s  
s y s t e m .  T h e  a n i m a l  r e s e a r c h  w o r k  o f  W i n i c k  e t  a l .  ( 1 9 7 2 )  a n d  o f  o t h e r s ,  w h i c h  
h a s  i d e n t i f i e d  v a r i o u s  a n a t o m i c a l  d i f f e r e n c e s  i n  t h e  b r a i n s  o f  l o w e r  a n i m a l s  
s u b j e c t e d  t o  s e v e r e  m a l n u t r i t i o n  d u r i n g  p e r i o d s  o f  r a p i d  C N S  d e v e l o p m e n t ,  
c e r t a i n l y  s u p p o r t s  s u c h  a  p o s s i b i l i t y .  
T h e  c h i l d ' s  r e l a t i o n s h i p  t o  h i s  e n v i r o n m e n t  i n  t h e  f i r s t  2  y e a r s  m a y  a l s o  
p l a y a  r o l e .  A s  P i a g e t  a n d  I n h e l d e r  ( 1 9 6 9 )  h a v e  a r g u e d ,  i n t e l l e c t u a l  d e v e l o p ­
m e n t  i s  a n  i n t e r a c t i v e  p r o c e s s  i n  w h i c h  t h e  g r o w i n g  c h i l d  m u s t  b o t h  a c t  a n d  
b e  a c t e d  u p o n  b y  t h e  w o r l d  a r o u n d  h i m  i n  o r d e r  t o  m a t u r e .  O n e  t y p e  o f  
i n t e r a c t i o n  t h a t  h a s  b e e n  d e m o n s t r a t e d  t o  b e  p a r t i c u l a r l y  i m p o r t a n t  i n  s u b s e ­
q u e n t  i n t e l l e c t u a l  d e v e l o p m e n t  i s  t h a t  b e t w e e n  m o t h e r  a n d  c h i l d  ( e . g . ,  H e s s  e t  
a l . ,  1 9 6 8 ) .  C h a v e z  e t  a l .  ( 1 9 7 5 )  a n d  G r a v e s  ( 1 9 7 6 )  h a v e  r e c e n t l y  p r e s e n t e d  
e v i d e n c e  t h a t  m o t h e r - c h i l d  i n t e r a c t i o n  p a t t e r n s  f o r  m a l n o u r i s h e d  c h i l d r e n  d i f ­
f e r  f r o m  t h o s e  f o r  w e l l - n o u r i s h e d  c h i l d r e n .  T h u s ,  i t  i s  p o s s i b l e  t h a t  d e l e t e r i o u s  
e f f e c t s  o f  i n s u f f i c i e n t  e n e r g y  o n  t h e  c h i l d ' s  i n t e r a c t i o n s  w i t h  h i s  m o t h e r  o r  
o t h e r  s o u r c e s  o f  e n v i r o n m e n t a l  s t i m u l a t i o n  m a y  u n d e r l i e  t h e  i n c r e a s i n g l y  w e l l  
d o c u m e n t e d  e f f e c t s  o f  m a l n u t r i t i o n  o n  m e n t a l  d e v e l o p m e n t .  T h i s  i s s u e  i s  c u r ­
r e n t l y  b e i n g  e x p l o r e d  a t  I N C A P .  
T h e  s e c o n d  q u e s t i o n  c o n c e r n s  w h e t h e r  t h e  e f f e c t s  s e e n  i n  c h i l d h o o d  n o r ­
m a l l y  l a s t  i n t o  a d o l e s c e n c e  a n d  b e y o n d ,  c o n d e m n i n g  v i c t i m s  o f  e a r l y  m a l n u ­
t r i t i o n  t o  p o o r  s c h o o l  a c h i e v e m e n t  a n d  l e s s  t h a n  c o m p e t e n t  a d u l t h o o d .  T h e  
s t u d i e s  o f  W i n i c k  e t  a l .  ( 1 9 7 5 )  w i t h  K o r e a n  o r p h a n s  a d o p t e d  b y  m i d d l e - c l a s s  
f a m i l i e s ,  o f  S t e i n  e t  a l .  ( l 9 7 2 a , b ,  1 9 7 5 )  w i t h  o f f s p r i n g  o f  p r e g n a n t  W o r l d  W a r  
I I  f a m i n e  v i c t i m s  i n  H o l l a n d ,  a n d  o f  L l o y d - S t i l l  e t  a l .  ( 1 9 7 4 )  w i t h  m i d d l e - c l a s s  
c h i l d r e n  w h o  s u f f e r e d  s e v e r e  i n f a n t  m a l n u t r i t i o n  d u e  t o  c y s t i c  f i b r o s i s  o r  
c o n g e n i t a l  d e f e c t s  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  s u g g e s t  t h a t  e f f e c t s  o f  e a r l y  
m a l n u t r i t i o n  o n  s u b s e q u e n t  i n t e l l e c t u a l  d e v e l o p m e n t  m a y  b e  a m e l i o r a t e d  i n  
l a t e r  c h i l d h o o d  b y  a  c o m f o r t a b l e  a n d  s t i m u l a t i n g  h o m e  e n v i r o n m e n t .  H o w e v e r ,  
t h e  v a s t  m a j o r i t y  o f  v i c t i m s  o f  c h i l d h o o d  m a l n u t r i t i o n  h a v e  l i t t l e  h o p e  o f  
s u b s t a n t i a l  i m p r o v e m e n t  i n  t h e i r  d e p r i v e d  e n v i r o n m e n t s .  W h e t h e r  o u r  w e l l ­
n o u r i s h e d  c h i l d r e n  w i l l  c o n t i n u e  t o  s h o w  t h e  e f f e c t s  o f  e a r l y  g o o d  n u t r i t i o n  o n  
t h e i r  i n t e l l e c t u a l  c o m p e t e n c e  c a n  b e s t  b e  d e t e r m i n e d  i n  a  l o n g i t u d i n a l  p r o ­
s p e c t i v e  s t u d y .  T h i s  q u e s t i o n  i s  c u r r e n t l y  u n d e r  i n v e s t i g a t i o n  b y  t h e  I N C A P  
r e s e a r c h  t e a m  i n  G u a t e m a l a .  
A C K N O W L E D G M E N T .  T h e  r e s e a r c h  d e s c r i b e d  w a s  f i n a n c e d  b y  C o n t r a c t  N o .  1 ­
H D - 5 - 0 6 4 0  f r o m  t h e  N a t i o n a l  I n s t i t u t e  o f  C h i l d  H e a l t h  a n d  H u m a n  D e v e l o p ­
m e n t ,  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  ( N I H ) ,  B e t h e s d a ,  M a r y l a n d .  
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